Both the mammalian newborn and the cold-stressed adult mammal activate and recruit their brown adipose tissue. It is feasible to think that similar mechanisms are responsible for the activation and recruitment in the perinatal and in the cold-stressed situations.
The mammalian newborn
We have recently reviewed in detail elsewhere (Nedergaard et al., 1986) the function of brown adipose tissue in the mammalian newborn, and we shall here only review some pertinent features of perinatal development of the tissue (without full references).
Newborn mammals can be divided into the welldeveloped 'precocial' newborns (eyes open, mobile, e.g. guinea pigs), the less developed 'altricial' newborns (blind, immobile, e.g. rats) , and the very 'immature' newborns (e.g. hamsters). As seen in Fig. 1 (upper panels), the perinatal development of a biochemical index of brown-fat thermogenic capacity ('thermogenic index', defined as the 'total' amount of thermogenin or 'uncoupling' protein, per g body ~t.'.~'), is markedly different in the three groups. In the immatures (such as hamsters, and probably also the marsupials), there is virtually no thermogenic capacity until 2 weeks after birth. In the altricial newborns, the development occurs clearly after birth, and can be considered as a response to the altered environment. However, in the 'precocials', the development has apparently either already occurred in utero, or is an exceedingly fast postnatal event, according to the data presently available.
As seen in Fig. 1 (lower panels), the physiological measure of the capacity for non-shivering thermogenesis (i.e. the response to injection of noradrenaline) develops entirely in parallel with this 'thermogenic index'. Thus, also in the perinatal situation, there seems to be a very good correlation between the biochemical 'thermogenic index' and the physiological capacity for non-shivering thermogenesis, as earlier pointed out for other physiological and pharmacological states (Cannon et al., 1981) .
The existence of these three patterns of perinatal development raises interesting questions of regulation. Thus, whereas it is feasible that the recruitment of brown adipose tissue in the altricial newborns, just as in the cold-stressed adult, occurs as an adaptive response to the cold experienced by the newborn and develops successively during the first few postnatal days, the reports implying that the precocial newborns may be born with a fully recruited brown adipose tissue pose new questions; the regulatory mechanisms behind a possible phenomenon of intrauterine recruitment are not easily understood. That, alternatively, recruitment occurs and is completed within hours after birth would call for a very rapid activation of protein synthesis, with interesting regulatory implications.
Generally, the perinatal events in brown adipose tissue can be classified as outlined in Fig. 2 . The events, such as changes in enzyme activities, may be divided into 'ontogenic patterns' (Fig. 2a) , 'suckling patterns' (Fig. 2b) and 'recruitment patterns' (Fig. 2c) ; some events typical of each pattern are also indicated in Fig. 2 .
Typically, activities following 'ontogenic patterns' are not affected by the major physiological transitions in the perinatal period and cannot be readily influenced by standard pharmacological treatments. They seem to be programmed by development as such; it seems, for example, that cell proliferation has already taken place before birth, and that during postnatal development there is no change in cell number. In contrast, suckling and recruitment patterns are responses to the perinatal transitions and can be associated with hormonal effects.
Suckling patterns can generally be ascribed to changes in insulin levels. These changes may in turn be ascribed to changes in the composition of the 'diet' of the perinatal animal. Thus, at birth there is a sudden transition from the fetal 'carbohydrate' situation to the low-carbohydrate/ high-fat milk diet. Activities of fatty acid-synthesizing enzymes, for example, consequently rapidly decrease at birth, but again increase as suckling successively ceases and the food after weaning again contains high levels of carbohydrate. That these changes are truely caused by the shifts in diet has been investigated, for example, by experiments where the pups are prematurely weaned, or, alternatively, weaned on to a high-lipid diet. It may be added that there is also an inhibitory adrenergic effect on fatty acid synthesis.
To a large degree the recruitment patterns are adrenergically regulated; adrenergic dependence has been shown for most of these events. Thus, these changes are interpreted as a response to the cold environment experienced after birth, and the signal is supposedly mediated via the sympathetic nervous system. Typically, adrenergic dependence is investigated by, for example, treatment with 6-hydroxydopamine. If 6-hydroxydopamine inhibits these changes, this is often in itself taken as sufficient evidence that the function investigated is an adrenergic receptor-mediated function, although the interpretation is not always so simple. Thus, treatment with 6-hydroxydopamine, which destroys adrenergic nerves, not only abolishes stimulation by catecholamines (as intended) but also stimulation by, for example, co-stored neuropeptides. Concerning brown fat, this would be relevant for the neuropeptide NPY, which is found in the vascular adrenergic nerves, but not in the parenchymal innervation (B. Cannon & T. Hokfelt, unpublished work), confirming the dual nature of the innervation of brown adipose tissue, but posing questions both as to the function of NPY in the tissue, and to the origins and tasks of the two innervation systems.
Diferentiation in vivo and in vitro
The development of techniques for the culture of brown-fat cells (NCchad et al., 1983) has provided an opportunity to follow the differentiation of brown adipocytes, normally occurring in the neonatal state, in vitro. Thus, fibroblast-like cells may be isolated from the brown-fat depots of young rats (routinely 21-day-old rats are used) and grown in a defined medium, fortified with calf serum. Within a few days the cells gain several of the characteristics of brown fat cells developing in situ (Ntchad, 1983; Ntchad et al., 1983) . The cells differentiate quite far, showing a j-adrenergic response in the release of free fatty acids after noradrenaline stimulation (Kuusela et a l . , 1985) . However, the expression of the 'uncoupling' protein is poor , and the thermogenic response to an adrenergic stimulation is very low.
Thus, the cells grown in vitro may be defined as undergoing the ontogenic, 'unrecruited', development, showing commitment and differentiation, but not proceeding fully into the recruited state.
Characteristics of activation and recruitment
It would be feasible to think that the events and characteristics of the recruited tissue in both the neonate and the cold-acclimated adult are similar. However, these characteristics have mainly been described for the coldacclimated situation. Among these features the following may be pointed out: 3 An increased expression of the rate-limiting enzyme for thermogenesis, the uncoupling protein [Lean et a l .
(1 983), and Nedergaard & Cannon (1985) ]; data on perinatal development have so far not been obtained using immunological methods.
(4) A decreased coupling between j-receptor and adenylate cyclase, with unchanged or perhaps somewhat decreased j?-receptor number (Svartengren et a l . , 1984) , leading to a decreased noradrenaline sensitivity in the recruited state.
(5) An increased a, -receptor density (see below and VOl. 14 As seen, most of these features have only been unequivocally demonstrated in the cold-acclimated state. In order to establish the general significance for the recruited state for these phenomena, they must each be demonstrated in the other recruited states, including the postnatal recruitment.
The a,-adrenergic pathway in the brown fat cell
The marked association between an increased activity state of the tissue and an increased density of a, -adrenergic receptors is summarized in Fig. 3 . As seen in both hamsters and rats, and in both cafeteria-feeding and cold acclimation, a, -receptor density increases. Also the ratio a,/P is calculated here. This is not to indicate that this ratio is in itself necessarily metabolically meaningful. Rather, for measurements of aI-or j-receptor density, expressed for example, per mg of membrane protein, it may be envisaged that changes are artefactual, due to factors such as different amounts of mitochondria1 protein in the fractions investigated; application of the a, /j ratio precludes the introduction of such artefacts. In Fig. 3(c) it is seen that this ratio is nearly tripled in the transition from the control to the fully cold-acclimated state. As also indicated in Fig. 3 , it would be predicted that in a down-regulated, 'involuted', activity state of brown adipose tissue (such as that found in genetically obese animals), this ratio would be even further decreased, but this postulate has not been investigated to date.
Today a series of events in the brown adipocyte have been shown to be a I -adrenergically mediated. They include an increased phosphatidylinositol metabolism (Garcia-Sainz et a l . , 1980; Mohell et al., 1984), increased inositol-trisphosphate production (E. Ninberg & J. W. Putney, unpublished work), prostaglandin production, mobilization of intracellular Ca2+ (Connolly et al., 1984) and opening of Ca2+ -dependent K + channels in the cell membrane (NBnberg et al., 1984, 1985) . There is also an a-adrenergic depolarization (Girardier et a l . , 1968; Fink & Williams, 1976; Girardier & Schneider-Picard, 1983) , and an adrenergic increase in Na+ permeability, and, as summarized elsewhere (Nedergaard et a l . , 1984) , these cell membrane permeability changes may play a role in the maintenance of the a-adrenergic signal.
Although the direct significance of these a1 -adrenergic functions for thermogenesis is small (Mohell et a l . ,  1983) , it is noteworthy that the types of events described above are generally thought to be involved in tissue proliferation and differentiation. Therefore, it may not be a coincidence that there is a marked increase in the aI -adrenergic density in activated brown adipose tissue. A major development in research on brown adipose tissue in recent years is the recognition that the tissue plays an important role in whole-body energetics and the regulation of energy balance, in addition to its established role in thermoregulatory heat production. This new view on the function of brown adipose tissue stems from the clear demonstration by Foster & Frydman (1978 , 1979 that the tissue is the main site of thermoregulatory nonshivering thermogenesis in adult cold-adapted rodents (rats). These results imply that for small rodents adapted to the cold a major part of the total-body energy flux is associated with brown adipose tissue. Indeed, it has been calculated that for mice housed at 4°C the total energy flux through brown adipose tissue alone is greater than the aggregated energy flux through all other tissues, under basal conditions (Trayhurn, 1986) .
Brown adipose tissue thermogenesis in obese animals
Although the effects of extremes of environmental temperature in modulating energy flux and substrate utilization by brown adipose tissue are of considerable importance, from the perspective of nutritional energetics the main focus has been the extent to which variations in the thermogenic activity of the tissue are important to the regulation of body energy (fat) stores when temperature is not a variable. Particular attention has been given to assessing the thermogenic activity of brown adipose tissue in different types of animal obesity, and investigating the response of the tissue to thermal and dietary stimuli.
Methodological considerations
If alterations in thermogenesis in brown adipose tissue are to be convincingly linked to changes in energy balance in any particular circumstance, then energy balance measurements must be conducted in parallel with biochemical studies on brown fat. Alternatively, the energy balance framework needs to be firmly established before detailed biochemical studies are undertaken. This is particularly important when using voluntary overfeeding regimens such as the 'cafeteria diet'. Without energy balance measurements it cannot be assumed that animals are exhibiting diet-induced thermogenesis, given the variable effects of strain, age and other factors (see Rothwell & Stock, 1986) . Nor can it necessarily be assumed that the animals are significantly hyperphagic.
Abbreviation used: VMH, ventromedial hypothalamus.
The majority of the studies on brown adipose tissue in obese animals, and other studies linked to whole-body energetics, have used four basic measurements: tissue weight, protein content, cytochrome oxidase activity, and mitochondrial GDP binding. Tissue weight is effectively a reflection of the triacylglycerol content of brown adipose tissue, and in general this parallels the amount of lipid deposited in the major white adipose tissue depots. The binding of GDP to brown adipose tissue mitochondria is the most widely used index of the activity of the proton conductance pathway, the central mechanism for the generation of heat in brown fat (Nicholls & Locke, 1984) . Since GDP binding is expressed per unit of mitochondrial protein, it is necessary to have an index of mitochondrial mass in order to assess the total thermogenic activity of the whole tissue. This is usually obtained by measurements of cytochrome oxidase activity.
It should be noted that it is not yet clear what GDPbinding studies imply. Some reports suggest that binding is a measure of the amount of uncoupling protein (Rial & Nicholls, 1984; Nedergaard & Cannon, 1985) , and thus the capacity for thermogenesis, while others indicate that it is an index of the activity of the proton conductance pathway (Desautels et al., 1978; Ashwell et al., 1985) . Given this uncertainty it seem important that other, more direct, experimental approaches should be used in studying the thermogenic activity of brown adipose tissue in vitro.
A further methodological problem is the difficulty in quantitatively relating changes in cytochrome oxidase activity and measures of the activity of the proton conductance pathway in brown adipose tissue to whole-body energetics. This requires blood flow measurements, together with measurements of tissue oxygen consumption in vivo (Thurlby & Trayhurn, 1980; Rothwell & Stock, 1981) .
Thermogenesis in obese animals
The thermogenic activity of brown adipose tissue has been assessed in vitro in several different types of obese animal (for reviews see Trayhurn, 1984 Trayhurn, , 1986 HimmsHagen, 1985) . These include the obese (oblob) mouse, the fatty ( f a r a ) rat, the diabetic (dbldb) mouse, the gold thioglucose mouse, mice treated with corticosterone, and rats with lesions of the ventromedial hypothalamus (VMH). All are characterized by a hypertrophy of brown adipose tissue, resulting from the deposition of triacylglycerol, and by a decrease in the activity of the proton conductance pathway. A decrease in the activity of cytochrome oxidase is also evident, but this appears to reflect a long-term 'atrophy' of the tissue. Thus in both the
